Abstract: This paper revisits the literature pertinent to droplet combustion studies for liquid monopropellants as well as practical applications of monopropellants in internal combustion engines. A review is presented on the scope and different applications of the concept of droplet combustion in various applications, such as diesel engines, rocket engines, gas turbines, oil fired boilers, and furnaces etc. Our major objective is the numerical analysis of monopropellants droplet combustion. Combustion of a single monopropellant droplet in an oxidizing and a non-oxidizing atmosphere was studied in order to understand the basic mechanism by which combustion occurs in such systems. In this study a semi empirical model for hybrid combustion of hydrazine was implemented in order to extract the mass burning rate for hybrid combustion. Additionally, the temperatures and diameters of various flames were determined. The detailed theoretical studies characterizing the combustion of monopropellant blends in the form of droplets have been reported. At different droplet diameter and ambient oxygen mass fraction, both experimental and predicted mass burning rate were found to be similar. Also flame diameter and temperature were found to be of increasing nature with increase in droplet diameter and oxygen mass fraction.
Introduction
Propellants are a chemical substance used to produce energy or pressurized gases which are subsequently used to generate propulsion of vehicle, or other object. Propellant can be categorized as monopropellant and bipropellant. Bipropellant system consist combustion of fuel and oxidizer while monopropellant system consist combustion of single fuel. Monopropellants are propellant/chemical that releases energy through exothermic decomposition reaction. The molecular bond energy of monopropellant usually release through use of catalyst to produce large volume of energetic gases. Bipropellants releases energy through the chemical reaction between an oxidizer and a fuel [1] . Monopropellants have been utilized in propulsion systems required to operate in oxygen deficient scenarios such as robotic actuators, underwater power sources, and high altitude unmanned aerial vehicles. Hydrazine and its derivatives such as monomethyl hydrazine (MMH), and unsymmetrical dimethyl hydrazine (UDMH) are the most widely used monopropellants. Droplet combustion is one of the key steps in the complicated structure of multiphase spray combustion. Hence, the initial characterization of monopropellant combustion can be carried out by droplet combustion. Prerequisite to the understanding of droplet combustion is the understanding of the combustion process for an individual drop [2] .
Literature Survey
Main objective of present study is prediction of combustion characteristics of hydrazine fuel using a mathematical model of hybrid combustion. Combustion process consists of flame surrounding the droplet. During droplet combustion, fuel vapour from the liquid surface diffuses radially outwards. The oxidizer from atmosphere diffuses radially inward toward the droplet surface [3] . Fuel and oxidizer react fully, consuming one another in the flame zone as they diffuse towards each other. The flame is typically represented as an infinitesimally thin sheet. Heat generated by the reaction is conducted inwards from the flame zone to provide the energy for vaporizing the fuel at the liquid surface. The droplet surface is assumed to be at the boiling point of the liquid. In The fuel vapor emanating from the droplet diffuses radially outwards through region A, and undergoes a decomposition reaction forming the monopropellant flame at a distance of r I . The products of the decomposition reaction diffuse out towards the oxidizing atmosphere where they are further oxidized in the bipropellant flame [4] . 
Methodology
The solution methodology is dependent on the type of equations and number of unknowns. Here both implicit and explicit types of equations are presented. The implicit type equations were solved by using a generalized Newton Raphson method. The Newton -Raphson method can be used for system of nonlinear equations [5] .
For simulation work ""MATLAB (Matrix Laboratory )"" was used. MATLAB is a multi paradigm numerical computing environment and programming language. It allows matrix manipulations, plotting of functions and data, implementation of algorithms. For plotting the graph ""OriginPro 8"" was used. This software uses different value for x-axis and y-axis with no. of result presented in one single plot [6] .
Numerical Analysis
Simulation was done for varying droplet diameter ranging from 0.13 to 1.91 cm and for different amount of oxygen mass fraction varying from 0.043 to 0.418. The value of activation energy and pre exponential factor for hydrazine is given in the table below. Also given in the table below are properties of hydrazine used in theoretical model. 
Result
The analytical model was used to determine the values of the mass burning rates, flame diameters, and flame temperatures for the hybrid combustion case. Since several initial guesses led to accurate values of the above-mentioned parameters, the guesses that generated the minimum error between the experimental and predicted mass burning rates were chosen, and the corresponding values of the other parameters were plotted against the independent variables.
Figures show mass burning rate of hydrazine at varying droplet diameter and varying oxygen mass fraction.
Figure 2:
Mass burning rate of hydrazine with varying droplet diameters Figure 1 displays the variation of the experimental and predicted mass burning rates for hydrazine with droplet diameter in an oxidizing atmosphere. The predicted mass burning rates were found to be similar to the experimental mass burning rates for all three pairs of activation energies and pre exponential factors, also simulation shows that better predictions were obtained with E 1 Figure 3 : Mass burning rate of hydrazine with varying ambient oxygen mass fraction
The variations of various parameters with ambient oxygen mass fraction from 0.043 to 0.418 were plotted in Figure 2 . The droplet size was kept constant at 0.95 cm for these experiments. The hybrid mass burning rates of hydrazine exhibited an increasing trend with the oxygen mass fractions, and was found to be predicted appropriately for all the pairs of activation energies and pre exponential factors. Since the mass burning rates are dependent on the energy conducted from the monopropellant flame to the droplet surface, hence the monopropellant flame temperatures should increase rapidly to supply the additional energy required. Since the energy conducted from the monopropellant flame is balanced by the sum of the energy conducted from the bipropellant flame and the constant heat of decomposition of hydrazine, the energy conducted from the bipropellant flame has to increase as well.
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Conclusion
Simulation was done for two different cases. One for varying droplet diameter whiles other at different oxygen mass fraction. In both case monopropellant and bipropellant flame diameter found to be increase with varying droplet diameter while in case of varying oxygen, droplet was kept constant, and hence both monopropellant and bipropellant diameter were found to be constant. Increasing the droplet diameter and ambient oxygen mass fraction was found to increase the mass burning rate.
In case of varying droplet diameter simulation result varies from experimental result as 9%, 12% and 13% for all three pair of activation energy respectively while in case of varying oxygen, percentage variation was 7%, 8% and 10%.
